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5. The maximum discharge of 264,500 cfs was obtained at  reservoir 
elevation 1492.2, Figure 17 .  The coefficient of discharge at  264,500 cfs  
was 3.59. 

6. The hydraulic jump was contained within the stilling basin a t  all 
discharges, for all the basin designs tested. The height of the chute 
and basin sidewalls was adequate to  contain nearly all flows. With 
the "T" baffle piers installed, surging of the hydraulic jump over- 
topped the basin walls at  maximum discharge and normal tailwater. 

7. Flow in al l  basin designs tested moved most foreign material out, 
and no bed material was brought into the basin from the downstream 
channel for any discharge. The hydraulic jump did not sweep out with 
the minim- model tailwater elevation of 1427, o r  3.6 feet below normal. 

11. The truncated b r  short baffle piers  were used for the prototype 

12. All end sills tested produced satisfactory flow conditions which 
eitherallowed bed material to remain. o r  move upstream and lodge 
against, the end sill, Figure 244. The solid end sill was used in the 
prototype design. 
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INTRODUCTION 

Basin Project. The purposFs of the dam a re  flood control and conser- 
vation, including irrigation, pollution abatement, and municipal water 
supply. The earthfill dam embankment is approximately 15,200 feet 
long at the crest and has a height of approximately 115 feet above the 
river bed, Figure 2. The principal hydraulic features of the dam a re  
a radial gate-controlled spillway and an outlet works. 
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THE MODEL 

The tests  were conducted with a 1:72 scale model which contained 
the 12 bays of the overfall spillway, the excavated approach channel, 
about 1,040 by 1,870 feet of the surrounding reservoir topography, 
the sloping chute, the stilling basin, and about 2, 000, feet of the 
excavated downstream chamel, Figure 4. 

The reservoir topography and approach channel were formed in con- 
crete, except for aport ion of the left approach channel side slope 
which was reformed with sand for erosion tes ts  during the study. The 
spillway cres t  and-downstream sloping chute were constructed of con- 
crete screeded to  sheet metal templates. The approach sidewalls, 
radial gates, and one baf.$le pier were made of galvanized sheet 
steel. The piers, chute walls, stilling basin floor, (chute blocks, 
end sill, and remaining baffle piers were made of wood and painted 
to res is t  swelling. The outlet chamel was formed of sand, with a 
median diameter of 0.8 mm, so that erosive tendencies of the .flow A 

could be determined. 

Reservoir elevations were measured by means of a hook gage installed 
i n  a stilling well having an inlet located approximately 540 feet up- 
stream from the spillway cres t  on the centerline of the approach chan- 
nel., Tailwater elevation staff gages were installed a t  Stations 36+50 

sign, with the ex- 
reduced in  height. 



, . 
maxi&lm discharge (about 200,000 cfs); Figure 6- The 644-foot- 
wide approach channel excavated to elevation 1456 was adequate to  
provide smooth flow for these discharges, and the velocities were 
sufficiently low to permit the flow to follow the gradually curving 
channel. At near-maximum discharges, a portion of the water ap- 
proached the spillway from the siaes of the main channel and created 
some turbulence a s  it entered the deeper approach channel. This 
turbulence originated about 500 feet upstream from the spillway cres t  
on the left side and about 600 feet on the right side at 140,000 cfs 
discharge, and moved closer to the spillway a s  the discharge increased 
toward maximum. 

Because most of the side flow entered the main channel from the right, 
the flow direction at  the bay entrances was slightly to the left and 
caused a drawdown of the water surface on the left side of the piers. 
The water surface drawdown was greatest at both end bays which were 
the f irst  to flow free a s  the gates were raised. The turbulence in the 
approach channel and drawdown a t  the piers were not severe enough 
to cause adverse flow conditions in the spillway bays. However, the 
side flow into the main channel could conceivably cause erosion of the 
3:l side slope of the main channel. To determine the erosive tenden- 
cies of the side flow, the left approach channel side slope was formed 
from sand and an erosion test  was run, while holding the reservoir  
water surface elevation at approximately 1492, and opening the gates 
by increments. No erosion of the side slopes occurred for gate open- 
ings up to 12 feet. Some of the top layer of sand started to form a 
drift along the top edge of the channel side slope when the gates were 
opened 16 feet. Severe erosion occurred at  marimum discharge (gates 
fully opev2)and the eroded material either passed over the spillway o r  
was deposited in the approach channel upstream fi-.om the spillway 
crest ,  Figure 7. By closing the end gate, the side flow was reduced 
to the extent that no erosion occurred. 

. --The side slopes of the approach channel were built 



placement of the upstream end of the dike at  different angles changed 
the flow patterns. The flow was smoothest when about 180 feet of 
the upstream end was placed about 306 away from the approach 
channel, Figure 9. 

Although the training dikes prevented the side flows from entering 
the channel near the  spillway and created smooth flow at  the bays, 
erosion would probably occur at the upstream ends of the dikes. Due 
to the expense of installing the dikes, the lack of complete protection 
afforded by them, and the infrequency of operation at near-maximum 
discharge, the training dikes were not included i r _  the recommended 

Water surface profiles. --Profiles of the water surface in the approach 
channel were measured to determine the water surface elevation at  
the intakes to  floatwells which a r e  located in the piers to automatically 
operate the spillway gates. The intakes a r e  located in the approach 
channel 400 feet upstream from the spillway crest,  Figure 10. The 
drop in water surface between the reservoir and floatwell intakes was 
needed to properly adjust the automatic gate control mechanisms. 
Water surface profiles at 50-foot intervals in the approach channel 
for maximum discharge were recorded, Figure 11. The maximum 
drop in water surface at  the floatwell intakes due to velocity head was 
about 1 ..foot. , 

locities were recorded in th  

e of the approach channel affe 



stream end of the piers. A mild diamond pattern of standing waves 
on the chute was created where the flow rejoined at the blunt 18-inch- 
wide pier ends, Figures 15A, B, and 19,  but this did not cause adverse 
flow conditions. 

Water surface profiles were also measured along the right sidewall 
from just upstream of the piers, to the downstream end of rhe stilling 
basin, for the maximum discharge of 264,500 cfs and for 19, 25, 50, 
75, and 125 percent of maximum discharge, Figure 16. Spot checks 
of-the water surface along the left sidewall showed similar profiles, 
indicating symmetrical flow in the chute and stilling basin. The 
height of the chute sidewalls was adequate to contain all flows. Tests 
with various combinations of gates controlling the flow at maximum 
reservoir water surface elevation showed sufficient freeboard along 
the chute walls. The flow rose highest on the chute walls when-the 
left gate was closed and all other gates were fully open, Figure 15C. 

The toe position of the hydraulic jump surged upstream to Station 33+00 
for maximum discharge, normal tailwater. This test  indicated where 
the prototype subdrain outlets from the drainage galleries should be 
positioned. 

Discharge capacity rating. --Discharge versus reservoir water surface 
elevatron data were obtained for free flow and controlled flow at  gate 
openings of 4, 8, 12, and 16 feet, Figure 17. The gate openingsWwere 
measured circumferentially along the a rc  of gate travel, from the gate 
seat to the bottom of the gate. The seat was at Station 30+56.25 o r  
5.5 feet downstream from the cres t  and at  elevation 1466.54 o r  0.86 foot 
vertically below the crest.  The discharge curve showed that 264,500 cfs 
could be passed at a measured reservoir water surface elevation of 
1491.4, o r  elevation 1492.2, including velocity head. 



elevation 1467.40, to  the reservoir  water surface, measured 540 feet 
upstream from the crest  i n  the approach channel, plus the velocity 
head at this point, Figure 18; Q equals the total discharge. The max- 
imum discharge coefficient was about 3.63 for a discharge of 
150. 000 c f s ,  while the coefficient at  maximum design discharge of 

a s  the head increased. 

Hydraulic Jump Stilling Basin--Preliminary Design 

The 'energy of the spillwgy flow was dissipated in  a Type 111 31 hydraulic 
jump stilling basin which is relatively short and contains chute blocks, 
baffle piers, and an end sill. This basin type was selected on the basis 
of infrequent anticipated usage and maximum construction savings. The 
incoming flow in a Type 111 basin is usually limited .to velocities of 50 to 
60 fps and unit dischargesless than 200 cfs. The basin is satisfactory 
for values of Froude number above 4.0. The Glen Elder design entrance 

The depth (Dz), from the basin floor to the downstream water surface, 
vvas designed to be greater than normal minimum. The minimum rec- 
~mmended tailwater depth for the Glen Elder operating conditions i s  
about 31 feet but the design tailwater depth was -about 48 feet. The 
higher tailwater depth was designed to  help maintain the jump within 
the basin to raise the pressures on the baffle pier surfaces and to 



I Tests run at maximum discharge with the minimum tailwater elevation 
that could be set in the model (about 1427) showed that the jump would 
remain in the basin for all basin configurations tested in the studies. 

. --No sand, rock, o r  other material moved 
m the downstream channel during any operating 

condition. Several tests were run to determine how effectively the 
flow would remove rock and debris that might be accidentally deposited 
in the basin. Gravel representing 3-inch-diameter prototype material, 
placed on the chute in the high-velocity flow at  maximum discharge 
moved out of the basin-immediately. Material which represented 
1.5 -foot-diameter prototype pock accumulated for a short time just 
upstream of the end sill and then moved downstream out of the basin. 
Three-foot-diameter material stayed upstream of the end sill and did 
not leave the basin. Floating material placed in the flow tended to 
concentrate in the center of the basin where it lingered in the jump 
for a short time and then moved downstream. As long a s  the material 
stayed in the jump, it moved about and occasionally hit the chute floor. 

J 
The same tes ts  were repeated for lower discharges. At 75 percent of 
maximum discharge, the 3-inch and 1.5-foot diameter material stayed 
upstream of the end sill for a longer time but eventually moved out of 
the basin. The 3-foot-diametdr material remained upstream of the end 
sill. The floating material stayed in the jump. At 50 percent of maxi- 
mum discharge, the 3-inch material moved out of the basin much more 
slowly and all  larger material stayed upstream of the end sill. A dis- 
charge, of 25 percent of maximum moved all rock material to just up- 
stream of the end sill, where it remained. The floating particles had 
very little action and would not cause damage at this flow. The larger 
material remained upstream of the baffle piers at 6 and 12 percent of 
maximum discharge, and the 3-inch material moved to just downstream 
of the baffle piers. The floating material nioved quickly downstream of 
the basin at a discharge of 2 percent of maximum (5,300 cfs) discharge 
and all rock material remained upstream of the baffle piers. 

Downstream channel erosion test. --The main excavated chamei down- 
stream of the stilling basin wss 644 feet wide with thcinvert at eleva- 

[ tion 1405.0 and was formed in sand in the model. A 100-foot-wide 
depressed channel with the invert at elevation 1385 (later changed t o  
1390) was cut in the main channel. The sides of both channels were 
on a 2:l slope. A 3-foot layer of riprap on 18-inch bedding was 
specified in the downstream channel from the end of the basin,< Sta- 
tion 34+85 to Station 36+25, to protect the 5:l invert slope between 
the basin and the channel. The riprap was s 

and 

9 
I 



, 
Erosion tests with the preliminary design basin were made at maximum 
discharge for 2 hourfi-v,Cch the tailwater at elevation 1431. The channel 
topography was leveled by these test flows forming essentially one 
channel. There was neither deposition nor removal of bed material at 
the downstream edge of the end sill. The four contour lines on Fig- 
ure 2033 show where the initial channel floor elevations of 1385 and 1405 
were located at the end of the erosion test. 

Baffle pier pressures. --The baffle pier located immediately to the right 
of the spillway centerline was made of sheet metal and equipped with 
6 piezometers, which were located in areas where previous tests have 
shown that high impact pressures and subatmospheric pressures might 
occur. Pressures were measured with single-leg, water-filled. manom- 
eters at discharges of 25, 50, 75, and 100 percent of maximum discharge 
and normaltailwater elevations. No subatmospheric pressures were 
measured during these tests, Figure 21. 

The highest observed impact pressure was 76 feet of water and occured 
at the base of the upstream face of the pier at maximum discharge. The 
water depth over the pier at maximum discharge was about 40 feet. 
Since the pressure at Piezometers 4 and 5 (on the side of the pier) dropped 
progressively a s  the discharge was 'increased, the test was extended to 
include 125 percent of maximum discharge, and tailwater elevation 1434. 
The two pressures on the side of the pier dropped to an average 9 feet of 
water below atmospheric during. this test and fluctuated over about 20 feet, ., 

Instadaneous dynamic and average pressures were also'obtained with 
diaphragm-type pressure cells and electronic recording equipment. The 
average dynamic pressures recorded were ~ i m i l a r ~ t o  those obtained from 
the water manometers, Figure 22B. The range in feet over which the 
pressures fluctuated and frequency rate of the fluctuations are tabulated 
on Figure 22C. The frequencies were about 1 cycle per second (prototype) 
throughout the tests. The magnitude of fluctuations, however, greatly 
increased a s  the discharge i,ncreased, and was greater for Piezometers 4 
and 5 than the other piezometers during tests for 50 through 125 percent 
of maximum discharge. The' fluctuations were as  much a s  80 to 90 feet 
of water at maxiinurn discharge, 

ressures observed at..any of the 

Modified Stilling ,Basin Design 

was an improvement on 
iers  were eventu 



Preliminary baffle piers  with dentated end sill. --The solid end sill was 
changed to  one which was triangular i n  section and included dentates. 
Althoueh the water surface profile i n  the basin was nearly identical to  
that of>he initial design, the water surface fluctuation atVmaximum dis- 
change was about 6 feet, a s  compared to  3 feet with the initial design. 

The chamelmbed was shaped to the specified configuration, Figure 20A, 
and an erosion test  flow of 50 percent maximum discharge (132,500 cfs), 
tailwater elevation 1423, was run for 2 hours (prototype). The channel 
was not greatly changed and the erosion that occurred merely rounded 
the tops and bottoms of the side slopes of both channels, Figure 24-4. 
The model was operated for an additional 8 hours (prototype) at maxi- 
mum discharge (264,500 cfs), tailwater elevation 1431. The erosion 
was quite similar to that observed for the initial design, except that 
the center of the channel was eroded to elevation 1382, for  a distance 
of 100 feet downstream from the end sill, Figure 24B. 

Short baffle piers with preliminary end sill. -- The preliminary design 
end sill was reinstalled and the height of the baffle piers was reduced 
by cutting off the tops of the initial piers by 3 feet 9 inches. The short 
pier was desirable to reduce the excessive sliding factor of the concrete 
slab on the foundation material. These piers produced a definite change 
in the water surface profile i n  the basin, Figure 23. The profile of the 
hydraulic jump was more gradual and less  wave action occurred in the 
basin. Although deeper erosion occurred at the ends of the basin side- 
walls, the erosion pattern in the downstream channel was similar to  
that observed with the preliminary design. 

Short baffle piers with dentated end sill. --The short baffle piers were 
retained and the dentated end sill reinstalled. Althoueh the average 
water surface in the basin was about 3 feet higher, the shape of ths 
water surface profile i n  the basin was nearly identical to  that of the 
previous tes t  with the shortened baffle piers, Figure 23. The erosion 
of material from around the downstream ends of the basin sidewalls 
was similar to. the previous test.  Four distinct shallow dunes formed 
immediately downstream from the end sill, Figure 24C. 

Horizontal end sill apron. --The short baffle piers and dentated end 
sill were left in place a id  the sloping downstream side of the end si l l  
was made horizdntal, Figurec23.- T& minor change did not affect 

' the  water surface profile and a 2-hour erosion test  at  50 uercent of 



'charge and the tailwater surfack e1e;ation wgs varied from normal 
(1431) to 8 feet higher and 4 feet lower than normal. The pressures 
for these conditions are  compared in Figure 26. The impact pressures 
on the upstream face of the pier were from 7 to 15 feet lower than those 
measured on the full height pier. (The discharge for the full pier test 
was about 700 cfs higher than for this test. ) The pressures along the 
side of the pier again fluctuated and were a s  much a s  4 feet below at- 
mospheric at normal tailwater and 15 feet below atmospheric with the 
low tailwater. The pressure measured on the downstream side of the 
pier was unaffected by the change in height. 

"T" baffle piers with preliminary end sill. --The preliminary end sill 
and left half of the baffle piers were restored and the baffle piers in 

I I the right half of the basinewere changed to Sloping IT' ~ ~ ~ e "  51  piers, 
Figure 28. The "T" baffle piers were placed in the same posiTion, and 
the upstream face was the same size ;s the initial piers. The flow in 
the half of the basin containing the "T piers was very turbulent and 
the profile of the hydraulic jump was very steep, Figure 23. The surges 
of the hydraulic jump rose above the top of the sidewalls at maximum 
discharge, normal tailwater. 

An erosion test at 50 percent of maximum discharge for 2 hours 
(prototype) at  normal tailwater caused very little erosion. Shallow 
ridges o r  dunes formed on the 5: 1 slope downstream from the basin, 
Figure 27A. The ridges were evident only in the right half of the 
basin, downstream from the "T" piers. Maximum discharge opera- 
tion at normal tailwater for 8 hours (prototype) caused the ridges to 
greatly enlarge, Figure 27B and C. The ridges extended about 
200 feet downstream from the end sill. The valleys between the 
ridges were eroded as  much a s  20 feet below the initial grade. Bed 
material adjacent to the end sill was removed exposing the end of the 
sill to a depth of 7 feet. No bed material was eroded from the area 
on either side of the basin, where erosion occurred during the test of 
the shortened baffle piers. 

"T" baffle pier Pressure& ;-Pressures on the "T" baffle pier surfaces 
were recorded for+naximum spillway discharge with normal (1431) 
and low (1427) tailwater elevations and for 50 percent of maximum 
discharge, normal tailwater, Figure 28. All recorded pressures 
were above atmospheric. The pressures were similar to those meas- 
ured on the preliminary pier. The pressure on the side of the "T" 
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Report Hyd - 561 

View facing downstream 

The approach channel showing 10 of the 12 
spillway bays 

GLEN ELDER DAM 
SPILLWAY 

The 1-72 Scale Model 





Discharge 66.125 cls (25% of maximum) 
Gates fully opened, Res. W. S. El. 1477.3 

Discharge 264,500 cfs (Maximum) 
Gates fully opened. Res. W. S. El. 1492.2: 

GLEN ELDER DAM 
SPILLWAY 

Flow In Spillway Approach Channel 

1-72 Scaie Model 



A. Material eroded from the left approach channel 
side slope and deposited in the lowvelocity areas  
of the two adjacent end bays and at the stilling basin 
end sil l  after 264,500 cfs discharge for 4 hours 
(prototype) 

B. The eroded area along the left side slope extended 
about 350 feet upstream from the spillway crest  after 
operation at the above discharge 

GLEN ELDER DAM 
SPILI.WAY 



FIGURE B 
REPORT W V 0 - 5 6  











FIGURE 13 
R E P O R T  H Y D - 5 6 1  























FIGURE 
!PORT n! 





A,  hrosion after operation for 2 hours 
(prototype) at 132.250 cfs tailwater 
at El. 1423. Note bed material de- 
posited against the end si l l  (pre- 
liminary baffle piers and dentated 
end s i l l . )  



A. After 2 hours (prototype) operation at 
132,250 cis  tailwater El. 1423 note 
sloughing of side slopes with negligible 
eroaion 

B. After 8 hours (prototype) operation at 
264,500 cfs tailxater El. 1431. Erosion 
pattern similar to preliminary basin 



F I G U R E  26 
R E P O R T  H Y D - 5 6 1  



A. After 2 hours (prototype) operation at 
132.250 c i s  tailwater EL. 1423. Smooth 
channel downstream from preliminary 
basin and dunes starting to form down- 
stream from the "T" piers (right half . 
of basin) 

B. After 8 hours (prototype) operation at 
264,500 cfs tailwater El. 1431. Note 
dunes or sidgcs deeply cut in channel 
downstream from 'IT" piers 





Preliminary bnffle piers - Dlocharge 264,500 
cfs tailwater El. 1431 gates fully open 

"T" baffle piers - with above discharge 

GLEN ELDER DAM 
SPILLWAY 

Effect of Different Baffle Piers on 
Basin Flow 
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ABSTRACT 

Model studies indicated that the initial design of the Glen Elder Dam 
and including the 264.500 cfs  . . ' spillway was adequate for flows up to and including the 264,500 c f s  

maximum discharge. Spillway discharge i s  c,ontmlled by twelve 
50-foot-wide by 21.16-foot-high radial gates and the energy is dis- 
sipated by a hydraulic jump stilling basin (Type 111). Total drop in 
elevation from spillway crest  to basin floor i s  84.4 feet. Tests per-  
formed and results recorded include velocity and water surface pm- 
files in the appmach channel, water surface profiles throughout the 
structurp, pressures on the baffle piers, erosion in the approach and 
downstream channels, and discharge capacity and coefficients for the 
spillway. Training dikes for the approach channel. and five different 
baffle pier and end sill arrangements in the stilling basin were tested. 
The shortened baffle-pier was used in construction. 

-'> ABSTRACT 

Model studies indicated that the initial design of the Glen Elder Dam 
spillway was adequate for flows up to and including the 2.64. 500 cfs  

way discharge is controlled by twelve maximum discharge. Spillway discharge i s  controlled by twelve 
50-foot-wide by 21.76-foot-high radial gates and the energy i s  dis-  
sipated by a hydraulic jump stilling basin (Type 111). Total drop in 
elevation fmm spillway cres t  to baain floor is 84.4 feet. Teats per- 
formed and results recoded include velocity and water surface pro- 
files in the approach channel, water surface profiles throughout the 
structure, pressures on the baffle piers, erosion in the approach and 
downstream channels, and dlacharge capacity and coefficients for the 
spillway. Training dikes for the approach channel, and flve different 

basin were tested. baffle pier and end ell1 arrangements in the stilling basin were tested. 
b the shortened baffle pier was used in construction. 




